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17 The Future Role of Information
Technology in Erosion Modelling

D.P. GUERTIN! AND D.C. GOODRICH?

'Landscape Studies Program, School of Natural Resources, University of Arizona, Tucson, AZ, USA
2USDA-ARS, Southwest Watershed Research Center, Tucson, AZ, USA

17.1 Introduction

Natural resource decision-making is a complex
process requiring cooperation and communica-
tion between federal, state and local stakehold-
ers, balancing biophysical and socio-economic
concerns. Predicting soil erosion is common
practice in natural resource management for
assessing the effects of management practices
and control techniques on soil productivity,
sediment delivery and offsite water quality. Effec-
tive decision-making requires the integration of
knowledge, data, simulation models and expert
judgment to solve practical problems, and to pro-
vide a scientific basis for decision-making at the
hillslope or watershed scale (National Research
Council, 1999).

A user-friendly decision support system (DSS)
would assist different professional or stakeholder
groups to develop, understand and evaluate alter-
native soil conservation strategies. The DSS could
integrate a suite of components consisting of
database management systems (DBMS), geo-
graphic information systems (GIS), simulation
models, decision models, and easy-to-understand
user interfaces. The difficulty in developing a
DSS is not a lack of available data or simulation
models for erosion prediction, but rather making
these models available to decision-makers, a key
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observation made by the National Research
Council’s Committee on Watershed Management
(National Research Council, 1999). Over the last
50 years the federal government has spent mil-
lions of dollars on the creation of spatial datasets
and model development. While these simulation
models are used extensively in research settings,
they are infrequently incorporated into the
decision-making process. Another aspect of ero-
sion modelling is the continued use of simpler,
empirically-based erosion models (e.g. USLE,
RUSLE) instead of more complex, physically-
based models (e.g. WEPP, EUROSEM). Reasons
for this exclusion include: data requirements are
usually only attained in a research setting; mod-
els are complex and underlying assumptions are
poorly understood by resource managers; deriv-
ing model input parameters is extremely time-
consuming and difficult; and the models are
difficult to use with the current interfaces.

For example, Elliot (2004) reported that
between 1993 and 1998 over 200 Forest Service
specialists were trained to use the USDA Water
Erosion Prediction Project model (WEPP)
(Flanagan & Livingston, 1995; Elliot & Hall,
1997). Of those specialists, only three or four (or
2%!) subsequently applied the model because the
interface was too difficult to operate and too
much time was required to assemble the data and
interpret the results, Occasional users found it
difficult to keep track of which combinations of
input files should be used for typical forest and
range conditions. Some users were observed to
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The Future Role of Information Technology in Erosion Modelling 325

specify unlikely combinations of soil and man-
agement files on these highly flexible interfaces,
such as specifying a high severity fire soil in com-
bination with a forest road management file.

Part of this problem can be addressed with
improvements to model interfaces, lookup tables
for model parameters, and internal filc manage-
ment (Hall & Elliot, 2001; Flanagan et al., 2001).
However, as erosion models continue to become
more complex and integrate with other technolo-
gies, users will be required to have experience in
DBMS, GIS, computer operating systems, remote
sensing, Internet search engines for data gather-
ing, and graphics, as well as a good foundation in
erosion process knowledge. Few professionals
have all of the above skills.

The solution to this problem is the develop-
ment of Internet-based applications (Kingston
et al., 2000; Elliot, 2004; Flanagan et al., 2004;
Kirkby et al., 2004; Miller et al., 2004). Internet-
based tools that support erosion modelling and
conservation planning include applications to
facilitate sharing datasets and software, direct
data visualization, and online simulation. Appli-
cations exist for erosion modelling at the hill-
slope, watershed and regional scales. Many of the
applications include a spatial component by
either using spatial data or displaying the results
in the form of maps representing the spatial dis-
tribution of erosion. Geospatial technology toals,
such as Internet map services, are increasingly
being used. Results from erosion models are also
components in resource or environmental plan-
ningefforts, which are increasingly using Internet-
based applications to support the planning process
(Kingston et al., 2000).

17.2  Characterization of an Internet
Application

Traditional erosion models and applications are
closed centralized systems that incorporate mod-
els, interfaces and data {Miller et al., 2004). These
desktop systems are platform- and application-
dependent, and migrating into different operating
systems {e.g. Apple vs. Microsoft} or platforms
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(e.g. server, desktop, laptop, PDA, or mobile
phone} can be time-consuming. Application of
new erosion models often requires the use of
other applications, such as DBMS, GIS, image
processing systems {IPS), and graphic software, all
of which must operate on the same OS and plat-
form. The need for different software systems
increases the computing requirements {i.c. RAM,
disk storage) of the platform, rendering some
applications inoperable on some platforms. Users
also need expertise in the different applications,
and all application data must be stored locally,
increasing storage requirements.

Client/server systems are based on generic
client/server architecture in network design
(Tsou & Buttenfield, 1998; Peng & Tsou, 2003},
referred to as 2- or 3-tier systems. A 2-tier system
is where the data and applications are located on
the same server. A 3-tier system is where the data
and applications are located on separate servers.
Client/server architecture allows distributed
clients (i.e. users) to access a server remotely by
using distributed computing techniques such as
Remote Procedure Calls (RPCs) or database con-
nectivity techniques such as Open Database
Connectivity [ODBC). All necessary applications/
models and data are hosted on the server|s).
Applications can be developed that integrate
functionality from several different software
products and models transparent to the client.
The computer resource requirements for the cli-
ent are considerably less since the client does not
need to handle data storage and management, or
to install the applications on the local platform.
In many cases the client only needs an Internet
browser and connection. However, the client-side
components are usually platform-dependent, and
each client component can access only one server
at a time (Peng & Tsou, 2003).

Distributed systems (i.e. distributed comput-
ing, distributed services) can connect to, and
interact with, multiple and heterogeneous sys-
tems and servers at the same time (n-tier systems)
and without the constraints of traditional client/
server relationships (Montgomery, 1997; Peng &
Tsou, 2003). Under a distributed architecture
there is no difference between a client- or a
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server-based network. A client is defined as the
requestor of a service in a network where a server
then provides the service. The advantage is that a
distributed architecture permits dynamic combi-
nations and linkages between data services and
application services via networking. Consequently,
data can be stored on a suite of heterogeneous
servers and dynamically accessed at an applica-
tion’s request. Potentially, distributed systems
will promote the development of accessible insti-
tutional data nodes that provide information to
Internet-based applications.

The Internet-GIS architecture determines the
complexity and efficiency provided by the appli-
cation. Currently, there are two types of Internet-
GIS applications: client {user)-side and server-side.
Client-side strategies require the majority of the
processing to be conducted by the client on their
own computer platforms. This typically requires
the web browser to load a program (such as an
applet or plug-in) the first time that users request
a service. This ‘thicker client’ architecture pro-
vides the advantage of more functionality for
users and requires fewer interactions with the
server, potentially saving time and using less
bandwidth. With this approach there are usually
fewer security risks. However, applets are not
persistent and must be downloaded at the incep-
tion of the application, and plug-ins are required
to be downloaded and installed like traditional
applications. This type of architecture is typically
best for applications with dedicated application
users (Plew, 1997) because users are required to
have knowledge of handling and manipulating
data. Server-side strategies perform all processing
on the server, relying on the spatial server to con-
duct the analysis and generate output [Peng,
1997). These ‘thin-client’ applications require a
high-performance server due to the computation
intensity, and have higher network congestion
since each operation performed by users must
communicate to the server, increasing the need
for bandwidth. However, users have transparent
access to large and complex datasets, so they do
not need either the software or the skills to
manipulate data. Users are not required to have
sophisticated computers since client machines
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perform little processing (Foote & Kirvan, 1997).
Since tradeoffs exist between functionality, effi-
ciency and required knowledge, integrated deci-
sion support systems should support multiple
weight clients, providing access to users with dif-
ferent backgrounds, experiences, and network
connection speeds.

Most Internet-based applications that support
erosion modelling and control are thin-clients,
being distributed from a client/server system
(2- or 3-tier server architecture). For most erosion
model applications the user is requested to enter
the input information, so the data service require-
ments are relatively small.

17.3 Advantages of Internet-based
Applications

The goal of an Internet-based application is to pro-
vide information and tools to a user group in a
cost-effective manner. Internet-based applications
primarily save time and money by centralizing
activities. Databases and models can be main-
tained and located in the same place, with a single
update distributed to all potential client users.
A few database specialists can also maintain the
system for all client users. Advanced software,
such as GISs or statistical programs, can also be
centrallylocatedonhostcomputers.Consequently,
client users do not need to purchase or maintain
the software, assuming the licensing of proprie-
tary software for Internet use is available. Client
users can also rely on less powerful hardware sys-
tems in terms of processing and storage, since
most activities are accomplished on the host com-
puter. The system can also be made more secure.

The ultimate advantage of Internet-based
applications is that they promote data sharing
and equity between stakeholder groups. Internet-
based data services have become the primary
mechanism for the distribution of data and infor-
mation. Internet-based decision support tools,
such as erosion modelling applications, can pro-
vide advanced analysis capabilities to a wide and
untraditional audience. The increase in access to
information and analysis tools for all citizens
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encourages equity and shared governance, advanc-
ing transparency between different stakeholder
groups when addressing potential conflicts.
Internet-based tools provide opportunities for
shared learning experiences between stakeholder
groups, where modelling results based on differ-
ent proposed alternatives can be quickly viewed
by participants. In the near future most formal
and informal learning activities will likely be
based on Internet applications (Pickles, 1995;
Bruckman, 2002; Aggett & McColl, 2006).

17.4 Issues Related to Internet-based
Applications

As applications are developed, integrating mod-
els, GIS, decision support systems and the
Internet, new issues are introduced that should
be recognized. These problems range from incom-
patibilities of technologies used for integrating
disparate applications, to security in Internet
environments, and are discussed in more detail
below,

Since natural resource decision-making
requires a coordinated effort between stakehold-
ers representing different groups and levels of
government, integrated decision support systems
should facilitate interaction and communication
among agencies’ information systems to make
the decision-making process more efficient
(Miller et al., 2004). However, different compet-
ing application programming platforms (i.e. .NET,
Java, C++, FORTRAN, PHP, etc.), operating sys-
tems (i.e. Windows, Unix, Linux, etc.), database
management systems (i.e. ESRI ArcGIS Server,
Oracle, MSSQL Server, MySQL, etc.] make com-
munication difficult or impossible. Standardizing
programming languages, operating systems and
database management systems for soil conserva-
tion stakeholders is impractical since different
groups have different budgets, legacy systems,
and requirements of their IT infrastructure.
Creating a centralized database repository con-
taining environmental data for decision-making
is a possibility, but leads to logistical issues such
as what data are contained in the database, who
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administers the database, how often the database
is updated, and who pays for infrastructure.
Component-based frameworks have been adopted
such as Microsoft’s .NET, but lack the inclusion
of all programming languages and all operating
systems. A standardized protocol that is program-
ming language and platform independent should
be utilized when developing integrated decision
support systems.

Years of research and development have been
spent on developing simulation models that
encapsulate our understanding of environmental
and erosion processes. These applications repre-
sent the current state of knowledge and should
be leveraged in the decision-making process.
However, these models are often developed using
technologies which make interaction with today’s
object-oriented, web-based technologies cumber-
some. Since different programming languages are
developed for different purposes, languages that
are computationally efficient are often not com-
patible with languages that have extensive librar-
ies for Internet development, and no single
language is ideal for all applications. Therefore,
an integrated DSS must be capable of incorporat-
ing legacy applications that are built with tech-
nology that natively does not communicate with
Internet-capable programming languages.

While deploying applications via the Internet
drastically increases availability to users, there
are still 37% of adult Americans without home
broadband access (Horrigan, 2009). Moreover,
Internet access is unequally distributed across
the US, with only 54% of adult Americans in
rural areas having broadband. Low-income
Americans also have limited broadband access,
with 65% of the households with annual incomes
less then $20,000 having no access {Horrigan,
2009). Therefore, rural and low-income Americans
are forced to find other alternatives, such as pub-
lic libraries, to get access to Internet applications.
However, the digital divide between the ‘haves’
and the ‘have nots’ is narrowing, with a 9%
increase in home broadband access between May
2008 and April 2009 (Horrigan, 2009). Importantly,
most businesses and government offices have
broadband Internet access today, and in the US
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the Internet is the primary source of information
from federal and state agencies.

A limitation in creating richer applications is
the lack of bandwidth for Internet access.
Bandwidth is the rate at which information can
be transferred on a given transmission path
(Miller et al,, 2004). As internet-based applica-
tions become larger and provide more features,
the need for high-speed Internet access will
increase, especially for server ‘thick client’ appli-
cations. While high-speed access is increasing,
applications should target users with broadband.
Thus, challenges exist for increasing application
functionality while keeping applications availa-
ble to the majority of Internet users.

Security is always a concern in Internet envi-
ronments, and reports of security breaches are
frequently documented {Grandison & Sloman,
2000; Palmer & Helen, 2001). If Internet-based
applications are going to be integrated into the
decision-making process, precautions need to
taken to assure application security. Secure appli-
cations can lead to users trusting the design and
architecture of the application; conversely, users
are unwilling to expose themselves to unneces-
sary risks. With land managers storing data in
central data warchouses used in Internet applica-
tions, data ownership questions arise. For exam-
ple, does the data placed in a government data
warehouse by a watershed group composed of pri-
vate citizens belong to the private citizen, or
become public property? These issues can be
argued and must be recognized when using infor-
mation technology in soil conservation.

17.5 Examples of Internet Applications

17.5.1 Data, information and model sharing

The common Internet-based applications being
used today support the distribution of data, infor-
mation and software. Websites (see Table 17.1)
have been developed for professional societies
(e.g. European Society for Soil Conservation;
International Erosion Control Association; Soil
and Water Conservation Society), individual sites
for erosion control equipment, installation and
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training companies (see the Erosion Control
Magazine, Erosion Control Technology Council
for potential vendors), and there is even an ero-
sion control information clearinghouse site
with an Erosion BLOG [Erosion Control Forum).
There are numerous websites supported by fed-
eral and local government agencies or non-profit
organizations that provide information on ero-
sion control practices {e.g. US EPA - Polluted
Runoff, Natural Resource Conservation Service;
California Department of Transportation;
Tennessee Department of Environmental &
Conservation; Center for Watershed Protection).

Most of the traditional erosion models
(standalone versions), and supporting infor-
mation (e.g. documentation), are available for
download from websites. Examples of models or
modelling support tools used in erosion and water
quality assessment currently available from
websites include the Universal Soil Loss Equa-
tion {(USLE), Revised USLE (RUSLE; Ouyang &
Bartholic, 2001), Water Erosion Prediction Project
model (WEPP; Flanagan et al., 2001), Geo-spatial
interface for WEPP (GeoWEPP; Renschler, 2003;
Renschler et al., 2002), Wind Erosion Predic-
tion System (WEPS; Hagen, 1991; Wagner,
2001}, Europcan Soil Erosion Model (EUROSEM;
Morgan et al.,, 1998), Soil and Water Assessment
Tool (SWAT; Arnold & Fohrer, 2005), Automated
Geospatial Watershed Assessment tool [AGWA;
Miller et al., 2007), and US EPA’s Better Assess-
ment Science Integrating Point and Non-point
Sources (BASINS) water quality tools and models
portal (EPA, 1998; Di Luzio et al., 2009). Several
of the websites also provide support data for the
different models or links to access data from
other websites. Most websites also provide tuto-
rials on using the tools and lists of available
publications.

Most of our commonly needed datasets can
now be found from source agency websites,
including terrain (US Geological Survey), soils
(Natural Resource Conservation Service) and land
use/land cover (US Geological Survey). There are
also data portals available where users can find
different sources of geospatial data (e.g. NRCS
Geospatial Data Gateway; GIS Data Depot).
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